Protein a (9) , also known as 3b (17) , is an outer membrane protein of Escherichia coli K-12 that has an apparent molecular size of 40,000 daltons. In vitro, it catalyzes the conversion of the ferric enterobactin receptor to a form that migrates more rapidly in polyacrylamide gels (3) . Protein a is synthesized as a 42,000-dalton proprotein that is processed to a mature outer membrane protein at 37°C by a trypsin-like cleavage (4, 5) . Cell growth at 32°C or less results in decreased amounts of protein a in the outer membrane (10, 12) . It is believed that the low-temperature effect is caused by altered processing of the 42-kdal precursor (5) .
The structural genes for proprotein a and at least one additional protein (M5) are present on a plasmid (pMC44) that contains a 2-megadalton EcoRI fragment of the E. coli chromosome (1, 5, 6) . This has been demonstrated by translation of plasmid pMC44-coded polypeptides in minicells, by peptide mapping of the proteins (5, 6), and by plasmid mutant studies (4) . Plasmid pGGC110 contains a 1.5-megadalton fragment subcloned from the 2-megadalton fragment of pMC44 with pBR322 as the vector. pGGC110 retains the genetic information for proprotein a and protein M5 (G. Gordon, R. C. Gayda, and A. Markovitz, Abstr. Annu. Meet. Am. Soc. Microbiol. 1982, K182, p. 166).
Two widely separated loci affect the amount of protein a in the outer membrane. Protein a is not detected by standard polyacrylamide gel procedures in outer membrane preparations isolated from cells carrying a perA mutation (11) . perA mutations also result in diminished quantities of a variety of periplasmic and outer membrane proteins, including OmpF (7, 22) ; perA appears to be identical to tpo (21) , envZ (7), and some mutations described as alleles of ompB (19) on the basis of phenotype and map location (74 min). perA is probably a regulatory gene controlling several structural genes (11) . Protein a is also missing in severalfepA mutants (including UT400 [13] ) that contain deletions mapping in the 12.5-min region of the chromosome (2). These deletions cotransduce with purE by means of Pl transduction (2) . The purpose ofthe present study is to determine whether or not the chromosomal deletions in strain UT400 remove the protein a structural gene or some other gene involved in the regulation or processing of protein a.
If the fepA deletion removes the putative gene(s) for a positive regulator or processing enzyme, then introducing a plasmid coding for the structural gene for protein a (pGGC110) would not restore protein a synthesis. Strain UT400 was transformed with plasmid pGGC110 and grown at 37°C (Fig. 1 ). Under these conditions, protein a was produced in large amounts compared with the normal amounts of protein a seen in wild-type E. coli. In fact, the level of protein a observed in the plasmid-transformed UT400 was greater than that of the porin proteins OmpF and OmpC (compare Fig. 1, lanes 1,  2, and 4) . Wild-type cells grown at 30°C contained little or no protein a (lane 5), whereas the amount of protein a seen in strain UT400 harboring plasmid pGGC110 grown at 30°C was approximately equal to that seen in wild-type cells grown at 37°C (compare Fig. 1, lanes 3 and 4) . Similar results were obtained with anotherfepA deletion mutant, UT5600 (data not shown). The data are most consistent with the structural gene for protein a being deleted in these fepA mutants.
Consistent with the fact that perA is likely a regulatory gene of protein a, the perA mutant continued to reduce markedly the amount of protein a, even when protein a was specified by a multicopy plasmid (Fig. 1, lanes 6 through 9) .
With plasmid pGGC110 as a probe for the NOTES 1105 protein a structural gene, Southern blot hybridization was performed with chromosomal DNA derived from wild-type E. coli K-12 (X7102) (1) and the protein a-deficient mutant UT400 (2). The media utilized and methods of plasmid preparation and isolation have been detailed elsewhere (1). Chromosomal DNA was isolated from late log-phase cultures by means of cesium chloride-ethidium bromide density gradient centrifugation (14) . Southern transfers to nitrocellulose filters and subsequent hybridization to nicktranslated plasmid pGGC110 (16) were performed by a combination of the methods of Southern (18) and Wahl et al. (20) . Figure 2 shows plasmid pGGC110 hybridized with wildtype chromosomal DNA (X7102), deletion mutant chromosomal DNA (UT400), and the control plasmid DNA (pGGC110). No hybridization was seen with the chromosomal DNA derived from strain UT400, although the ethidium bromide-stained agarose gel electropherogram ap- Outer membranes were isolated from early stationaryphase cultures grown in L broth at 30 or 37°C as described (2) . Electrophoresis of samples containing 20 ,ug of protein was carried out in a urea gel system (11) . E. coli UT400, which lacks protein a, was derived from strain RW193 (2). Strains BW490.9 (perA) and BW490.12 (perA+) are isogenic, being derived from strain BW479.5 by Pl transduction (22) . Plasmid pGGC110 contains pBR322 as vector and is a highcopy-number plasmid, whereas pMC44 contains pSC101 as vector and is a low-copy-number plasmid (1) . Strains examined and growth temperatures were as follows: (1) UT400, 37°C; (2) UT400(pGGC110), 37°C; (3) UT400(pGGC110), 30°C; (4) RW 193, 37°C; (5) RW193, 30°C; (6) BW490.9 (perA(pMC44), 37°C; (7) BW490.9(pMC44), 30°C; (8) BW490 .12 (per-A+)(pMC44), 37°C; (9) BW490.12(pMC44), 30°C . EcoRI digestion was performed for 1 h at 37°C in 100 mM Tris-hydrochloride pH 7.4)-6 mM MgCl,-50 mM NaCl followed by heating to 65C for an additional 10 min. Agarose gel electrophoresis (0.7% gels) of the restricted DNA was carried out on a horizontal slab gel apparatus for 18 h at 25 V as described previously (8) . Southern transfers were hybridized to 106 cpm of nick-translated plasmid pGGC110 in 6x SSC (lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate)-10% dextran sulfate-0.3% sodium dodecyl sulfate-100 ,ug of sonicated denatured salmon sperm DNA per ml for 4 h. Strain X7102 has been described (23) . It is a perA+ ompT+ proC trp AilacX74 rpsL strain containing no known suppressors. peared similar for both chromosomal EcoRI digests.
The hybridization data therefore show that the structural gene for protein a is indeed absent in strain UT400. This information, in conjunction with other data presented in this paper and with previous genetic analyses performed with UT400 and other fepA deletion mutants (2, 13) , demonstrated that the structural gene for protein a is located at approximately 12.5 min on the E. coli genetic map. We propose that the gene be designated ompT, in reference to the temperature-dependent appearance of its product and in accord with current conventions (15) . 
